Abstract
equating to approximately 28 hr spent listening to music each week (Nielsen, 2014; Webster, 2014) .
There are a myriad of cognitive, physical, social, and spiritual aspects related to music use (Stuckey, 2010) . For example, listening to music may stimulate certain areas of the brain involved in attention and working memory (Janata, Tillmann, & Bharucha, 2002) . Music can also be used for physical activation, with studies showing a link between music engagement and increased energy and exercise (Plante, 2011; Ziv, 2011) . Music may alternatively lead to physical relaxation via its demonstrated ability to reduce stress (Khalfa, 2003) , improve sleep (de Niet, Tiemens, Lendemeijer, & Hutschemaekers, 2009) , or relieve pain (Hsieh et al., 2014) . Music can serve psychological purposes by increasing a sense of pleasure (Blood, 2001) , or enhancing our autobiographical memories of positive times or aspects of our lives, particularly for those with cognitive impairments (Cady, 2008; Schall, Haberstroh, & Pantel, 2015) . Music can improve social functioning, with increases in social connectedness and altruism being related to music listening (Fukui, 2014; Krause, 2013) . Spiritually, music can serve as an anchor in religious practices, or provide a sense of connection to the sacred (Aldridge, 1995) .
There is evidence to suggest that the physical, social, and spiritual benefits of music may be even more pronounced for older adults. In older adult populations, music has been shown to decrease agitation and improve emotional wellbeing (Groarke, 2016; Laukka, 2007) as well as quality of life (Coffman, 2002; Lee, 2010) , and to improve numerous cognitive faculties in those with early dementia (Chanda & Levitin, 2013; Särkämö et al., 2014) . Music listening has also been shown to be useful in gait training to improve walking performance (Maclean, Brown, & Astell, 2014) . Given the growing population of older adults in the United States-with 1 in 5 adults in United States expected to be aged 65 or older by 2030; many local, regional, and national efforts are being initiated to improve the quality of life and activity levels for older adults (Centers for Disease Control and Prevention, 2013) . Maintaining older adults' health is deemed valuable, with an active and engaged lifestyle being directly related to happiness, better functioning, and even reduced mortality for aging populations (Menec, 2003) .
But what role could music play in older adults' cognitive, physical, social, and spiritual functioning, and how might that relate to improved health overall? How might listening to music directly relate to engagement with life, or with the conduction of basic life tasks in this population? Do these aspects differ depending on the amounts of music listened to by older adults? This study aims to investigate these questions using a nationally representative sample of older adults. By investigating the specific relationship between the levels of music listening and older adults' behaviors as well as their reported health conditions, we gain an appreciation for how music may be associated with overall engagement with life and possible health benefits for older Americans.
Design and Methods

Participants
This study used data from the Health and Retirement Study (HRS) public use dataset (Health and Retirement Study, 2014) , and affiliated Consumption and Activities Mail Survey (CAMS) (Health and Retirement Study, 2015) . The HRS is a nationally representative longitudinal cohort study conducted since 1992. Specifically, a sample of approximately 20,000 older adults age 50+ are followed biannually through mail and phone survey and are asked to report on their health and economic experiences as they transition through retirement. The CAMS is an ancillary study conducted biannually in years the main HRS does not collect data. A subsample of HRS participants are asked to report on time spent in various activities and their consumption of goods and services. The HRS and CAMS are sponsored by the National Institute on Aging (grant number NIA U01AG009740) and are conducted by the University of Michigan. The HRS data for this report were extracted from the RAND HRS data file (RAND HRS Data, 2016) , an easy to use longitudinal data set based on the HRS data. It was developed at RAND with funding from the National Institute on Aging and the Social Security Administration.
Our study utilized data from the 2013 CAMS for information on music engagement and time engaging in activities, and the 2012 HRS for demographic, income, and health data. Participants were eligible for our analyses if they participated in the 2013 CAMS, provided data for the 2012 HRS wave, and had no missing data for the music listening variable. Of the 6,000 individuals who participated in 2013 CAMS, 5,797 (96.6%) met eligibility requirements for our study.
Measures
Music Engagement
In CAMS, respondents were asked to report on the number of hours spent listening to music in the past week. In accordance with recent American averages (Nielsen, 2014; Webster, 2014) , individuals who reported listening to greater than or equal to 28.6 hr per week were categorized as "high listeners," those reporting between >0 and 28.5 hr per week spent listening to music were categorized as "average listeners" and those who reported zero hours per week spent listening to music were categorized as "non-listeners."
Other Activities CAMS also asked respondents to indicate how many hours in the past week or month they engaged in a number of other activities. If more than one activity was completed at the same time, respondents were instructed to apply that time to both activities (e.g., 1 hr of listening to music while cleaning would equate to 1 hr of music listening and 1 hr of cleaning). Using a bio-psychosocial framework regarding key pathways for research in population health (Alonso, 2004; Mabry, Olster, Morgan, & Abrams, 2008) , we organized these activities 
Health Conditions
In HRS 2012, participants were asked to report on whether a doctor had ever told them they had a series of health conditions, including high blood pressure, diabetes, cancer, lung disease, heart disease, stroke, psychiatric (e.g., emotional or nervous) problems, and arthritis. The RAND HRS dataset calculated the number of medical conditions ever reported. Participants were also asked to rate their memory "at the present time" on a scale from 1 ("excellent") to 5 ("poor"). Notably, the HRS and CAMS samples are of community dwelling older Americans, with the vast majority not experiencing cognitive impairments. For example, in our sample, only 1.9% were reported to have dementia in the 2012 HRS wave.
Other Variables
In HRS 2012, respondents reported their age (in years), gender (men, women), race (which HRS categorized as White, Black/African American, or other), earned income from work, and whether or not they worked for pay (yes, no).
Analyses
Analyses were conducted in three stages. First, we examined the distribution of demographic characteristics as reported in HRS 2012 across music engagement groups. Next, we estimated bivariate linear regression models comparing the mean number of hours spent in reported activities across the three types of music engagement groups (non-listeners, average listeners, and high listeners). Specifically, the hours spent in each activity served as the outcome and music engagement as the predictor with "non-listeners" serving as the reference. For example, the number of hours sleeping each week for average listeners and high listeners were each compared to non-listeners. To account for possible confounding, we also estimated multivariate models adjusting for age, gender, race, earned income, whether or not the respondent worked for pay, number of ever reported health conditions, and self-reported memory capabilities. Finally, we examined differences in the prevalence of lifetime health conditions as measured in the HRS across the music listening groups using logistic regression. For these analyses, we estimated both bivariate and multivariate models. Multivariate analyses for this stage did not control for number of health conditions. All analyses accounted for the complex sampling design of the HRS and CAMS, and were weighted to yield nationally representative estimates. Analyses were conducted using Stata 13 SE (StataCorp, College Station, TX).
Results
Demographic Characteristics
The average age of participants in our study was 65. 
Music Engagement
Twenty percent of participants in our study were nonlisteners, 74.6% were average listeners, and 5.3% were high listeners. In bivariate analyses (Table 1) , average listeners and high listeners generally spent a greater number of hours engaging in other activities. Results suggested a "dose-response" relationship whereby high listeners generally engaged in more activities compared to average listeners (Figure 1 ). For example, high listeners reported more hours sleeping, walking, participating in sports/other activities, engaging in cognitively stimulating activities, and spending greater amounts of time engaged in prayers/ meditations as compared to non-listeners. Additionally, compared to non-listeners, average listeners and high listeners spent more time engaging in cognitively stimulating activities, spending more time communicating with friends, neighbors, and relatives, and completing general life tasks. These same general patterns were seen after statistically controlling for potential confounders (Table 2 ).
Health Conditions
Compared to non-listeners, average music listeners were less likely to report having all the problematic health conditions as assessed in this study: high blood pressure, diabetes, cancer, lung disease, heart disease, stroke, psychiatric All results account for complex sampling design of the HRS and CAMS and are weighted to yield nationally representative estimates. Beta coefficients come from linear regression models and correspond to the difference in hours for respective activity comparing music listener groups. Adjusted comparison controls for age, gender, race, earned income, whether or not respondent worked for pay, number of ever reported health conditions, and self-reported memory capability (all reported during the HRS 2012). Non-listeners were defined as those who reported zero hours spent per week listening to music; Average listeners were defined as those reporting >0 to 28.5 hr per week; High listeners were defined as those reporting 28.6+ hr per week. CI = confidence interval. *p < .05. **p < .01. ***p < .001.
problems, and arthritis (Table 3) . A similar trend was seen for high music listeners as compared to non-listeners (except for cancer and psychiatric problems). After adjustment for confounders (Table 4) , average listeners and high listeners still were less likely to report problematic health conditions, although statistical significance was not retained for high blood pressure, diabetes, cancer, and heart disease among average listeners. For high listeners, only diabetes and lung disease remained statistically significant.
Implications
To our knowledge, this is one of few studies that has examined the link between music listening, health, and engagement in life activities for older Americans. We found that in a nationally representative sample of older Americans, individuals who listened to music spent more time engaging in other cognitive, physical, social, and spiritual behaviors as well as general life tasks, and that this trend was more pronounced in the most frequent music listeners. We also found that music listeners often had a lower number of previous health conditions, suggesting that music listening may be correlated with health outcomes. Overall, results provide a compelling case for the well-rounded benefits of music. Previous studies have examined the influence of music in regards to emotional and physical well-being (Stuckey, 2010) ; however, they generally focused on a limited number of health aspects, and for the most part had small sample sizes. We found that not only are these findings replicated in a nationally representative sample, but music may enhance the lives of persons in numerous domains simultaneously. We found greater activation and engagement in activities across most domains assessed in this study. An interesting finding was that greater amounts of music listening were associated with greater time spent in other activities after controlling for confounding factors. In other words, greater "doses" of music may have increased benefits-suggesting that the incorporation of music in older adult activities may be advantageous. While it is possible that individuals may have listened to music while engaging in other activities, it is also possible that music listening may have encouraged engagement in the activity, or even played a role in enhancing the activity's bio-psychosocial benefits.
Music listening was also highly correlated with a healthier later life, which has implications for promoting population health. Participants who listened to music reported a lower number of previous health conditions as well as a lower history of specific disorders. The findings pertaining to a history of lung and heart disease, as well as stroke are noteworthy, as these conditions are preventable, and are among the leading causes of death and disability in the United States (Centers for Disease Control and Prevention, 2016) . These findings suggest that the increased engagement associated with music listening has direct health benefits. Relatedly, our study points to the unique role that music can play in promoting public health, and especially successful aging (Noice, Noice, & Kramer, 2014) . Efforts have been made to incorporate arts initiatives (including music) into healthcare settings and to increase availability in the community to older Americans (Hanna, Noelker, & Bienvenu, 2015) , but more work is clearly needed. For example, music may serve as an inexpensive, portable, and readily accessible health intervention. Since music is widely adopted, with approximately three quarters of Americans across varying socioeconomic levels already reporting music use, it may serve as an opportunity to "capitalize" on existing, self-motivated health behaviors (Williams, Matthews, Rutt, Napolitano, & Marcus, 2008) . This fits well into the framework of public health action by focusing on activities that provide possible long-lasting health benefits, while requiring minimal individual effort, and yielding some of the greatest population effects (Frieden, 2010) . Thus, when evaluating public health efforts for the ability to successfully reach wide audiences, with an ease of implementation, and the possibility for continued maintenance over time (Glasgow, Vogt, & Boles, 1999) , music meets many of those criteria.
Although the results provide helpful insights regarding the benefits of music for older adults, this study has several limitations. First, our study was cross-sectional, therefore we are unable to determine a direct cause regarding the affect of music. For example, it is unclear if music increases activation, thereby leading to a healthier lifestyle, or if individuals who are healthier simply listen to more music and are engaged in more activities. Longitudinal studies are needed to assess these mechanisms. Next, all data were self-reported by the participants, and are subject to the biases inherent in this type of data collection such as recall and social desirability biases, and question misinterpretation (Bhandari & Wagner, 2006; Pennebaker, 2000) . Third, data from the HRS were obtained in 2012 whereas data from CAMS was collected in 2013. Therefore, events may have transpired (i.e., development of health conditions, change in earned income) during that 1-year interval which may have indirectly influenced the results. Finally, our results are representative of older Americans, but may not be applicable in other countries. This suggests the need for further research to measure if similar trends emerge across differing locations and cultures.
In sum, our findings suggest music may enrich the lives of older Americans, in turn having significant health benefits. Results from our study point to the powerful potential of music as a way to improve the health of older Americans. With the number of older adults projected to grow substantially in the next several decades (Centers for Disease Control and Prevention, 2013), the possible public health implications of music for this population are clear. Future studies could measure the specific mechanisms of action for music listening, as well as the critical mediators and moderators of its effects. In a time when both pragmatic yet innovative interventions are needed to improve the health of an increasing number of older adults in America, it appears music may play a key role.
